IV

Contents-Continued
QA/QC data
Introduction
The Wisconsin Department of Transportation (WDOT) is required to control the quality of runoff from roadways under their control as part of the National Pollution Discharge Elimination System (NPDES). One way to control roadway runoff is to use street sweeping to remove pollutants before they are entrained in runoff. This may be a good option because land is often unavailable or prohibitively expensive and structural Best Management Practices (BMPs) can also be expensive. If street sweeping were an effective method at reducing pollutants in runoff, WDOT may only need to obtain improved sweepers, increase the sweeping frequency or both. This study used a paired-basin design (Clausen and Spooner, 1993) to collect data to help evaluate effectiveness of an improved street sweeping program at reducing dirt and pollutants in runoff from an urban highway street surface.
The study area was a section of Interstate 894, west of Milwaukee, one of the busiest stretches of roadway in Wisconsin, where a test basin had the street-sweeping program implemented and a control basin did not. The two basins were located between National Avenue and Oklahoma Avenue with a 1,100-ft. long buffer section between them. The purpose of the buffer section was to allow vehicles entering each study basin to travel over pavement that had been either swept or not swept so that the dirt the vehicle "pulled" into the basin would be comparable to either swept or unswept conditions ( fig. 1) .
The average daily traffic count (ADT) during the study period was 64,900 in the eastbound direction and 69,000 in the westbound direction for a combined ADT of 133,900 in both basins. There are no entrance or exit ramps between the two basins and the concrete pavement, which was last resurfaced in the mid-1990s, was in good condition for pavement of this age. The concrete shoulders were installed in the late 1970s.
The test basin, which was between Oklahoma Avenue and Dakota Street, had a drainage area of 4.56 acres that was comprised of 4.31 acres of highway surface and 0.25 acres of grassy area ( fig. 2 ). Of the highway surface 1.56, 2.67, and 0.08 were the shoulder, the driving lanes and the median, respectively. The control basin, which was between National Avenue and Cleveland Avenue, had a drainage area of 5.51 acres that was comprised of 3.46 acres of highway surface and 2.05 acres of grassy area ( fig. 2 ). Of the highway surfaces, 1.45, 1.95, and 0.06 were the shoulder, the driving lanes, and the median, respectively. The medians were not paved in either basin.
Sweep zone
A Schwarze Industries Enviro Whirl EV2 street sweeper which combines mechanical sweeping with a vacuum was selected for the study. Because the street sweeper moved slowly, only the highway shoulders were swept. The outside shoulder was always swept with the Enviro Whirl sweeper; the inside shoulder was swept alternately with either this sweeper or with the mechanical non-vacuum type sweepers that Milwaukee County currently uses. The result of this sweeping protocol was that 34 percent of the test basin area was swept every week, with the Enviro Whirl sweeping 19.5 percent every week, and an additional 14.6 percent every other week.
consin Department of Transportation for funding and support of this study.
Methods
Street Dirt Collection and Processing
Samples of street dirt were collected from the outside shoulders with a 6-in. wide wand attached to a 9-gal. wet-dry vacuum. During each sample collection, the wand was pulled from the curb to the edge of the traffic lane 24 times in each basin 12 times on the northbound shoulder and 12 times on the southbound shoulder; this method was based on the technique described by Pitt (1979) and Bannerman (1983) . The street dirt samples were weighed, dried at 105°C and then reweighed. The samples were then sent to the University of Wisconsin Department of Geology Quaternary Laboratory in Madison, Wis., for sieving into 6.37-2.0 mm, 2.0-1.0 mm, 1-0.5 mm, 0.50-0.25 mm, 0.25-0.125 mm, 0.125-0.0625 mm, and <0.0625 mm size fractions. Two samples of the dirt collected by the Enviro Whirl street sweeper were also brought to the Wisconsin State Laboratory of Hygiene for Toxicity Characteristic Leachate Procedure (TCLP) analysis.
Vehicle Counts
Continuous-recording-traffic counters recorded 15-minute vehicle counts in both traffic directions at Cleveland Ave. (fig. 2 ). These data were summarized for runoff and sampling periods in appendix table A13. 
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Continuous-precipitation data was collected with a tipping-bucket-rain gage. A Campbell Scientific CR10 datalogger was used to record rainfall data. The rain gages used were not designed to measure snowfall so precipitation values from March 10-14, 1999 and December 14, 1999 to April 11, 2000 are probably inaccurate. On occasions when both study rain gages were not working, data was used from the Mitchell International Airport National Weather Service station, which is about 8 miles southeast of the study area. These periods are indicated in tables A5 and A6.
The precipitation data were compiled and various statistical summaries computed, which include total precipitation, maximum 15-and 30-minute intensities, antecedent dry time and erosivity index (Wischmeier and Smith, 1978) (tables A5 and A6).
Flow
Area-velocity-flow meters were the primary method used to measure runoff flow in the pipes that drained the study basins. A probe was mounted at the bottom of the pipes to measure water level and velocity. The probes at both sites measured velocity by using Doppler-type technology. Water level was measured at the control site by use of a bubbler-type probe and at the test site with the use of a submerged pressure transducer-type probe. In addition to area-velocity probes, an independent bubbler-stage sensor was installed in the pipes as a back up and for verification of the water-level measurement.
In early July 2000, the flow meter at the test site quit operating and did not resume operation. To calculate the flow for this period (July 2000 to September 2000), the stages from the independent bubbler sensor were used. During periods of high flow, the stages from the bubbler displayed significant drawdown (that is, the stage readings were lower than they should have been due to high velocities). Consequently, when drawdown appeared to be a problem, the stages from the control site were used to estimate the stages at the test site.
During the study period, the data showed that the two sites were giving significantly different flow rates for the same events. The mean percentage of rainfall that was measured as runoff from the test site was 62 percent and from the control site was only 28 percent (see results section). One explanation for this difference is that the drainage area of the test site was only 5 percent grass and 93 percent paved while the control site drainage area was 37 percent grass and 62 percent paved. In addition, some of the runoff discrepancy may be due to the different type of flowmeters employed. A submerged pressure transducer was used to determine stage in the pipe at the test site whereas the control site used a bubbler-type transducer. However, because the runoff volume used to trigger sub-samples was set independently at each site, the difference in measured flow rates was accounted for in the sampling and the discrepancy in measured runoff values did not affect the flow-composite sampling.
Several steps were taken to achieve the most accurate flow estimate possible. Velocity data from the Doppler probes frequently showed periods where data were unreliable, whereas the stage data appeared reliable for most periods. Therefore, stage-discharge relationships were determined because they eliminated the need to use unreliable velocity data. The stage-discharge relationships were developed by eliminating periods where the velocity data were questionable and fitting a best-fit curve through a scatter plot of the remaining stage versus discharge data. To make the ratings more accurate, at the end of the study, an independent flow meter with a different velocity-measurement technology (electromagnetic) was installed at the test site to collect data from a few events. These data were limited, but confirmed the rating at several points. Because the rating agreed with the limited data available, the rating seemed reasonable. Once the stage-discharge relationships were finalized, event discharges were computed and are presented in results tables.
Runoff Sampling
Flow composite water-quality samples were collected with refrigerated automatic-point samplers and analyzed for the constituents listed in table 1. These samples were initiated by the station datalogger based on flow rates. Samples were collected in a manner that resulted in flow-composite samples. Flow-composite sampling yields a single sample, which when analyzed, results in a single event mean concentration (EMC), which represents the concentration of the entire runoff event.
Only suspended solids, suspended sediment, total copper, and total zinc were analyzed for every event. The remaining constituents were analyzed for about one-quarter of the events. 
Construction Effects on the Data
In May of 1999, construction began in the freeway right-of-ways in the study area. Most of the construction was in the buffer section but it did reach into the test and control sections. As a result, there was additional dirt on the road surfaces until the vegetation was reestablished ( fig. 3) . The constituent concentrations from this period, events 5,6, and 7 (tables A7 and A8), appeared unusually high so data from these events were not included in the statistical summary calculations. mounted 6 inches above the inlet grate to prevent rain from falling directly onto the trough. The sampler was interfaced with the datalogger so that a sample was triggered at both the station and median samplers concurrently. The median samples were analyzed for total suspended solids and the amount of water in the various sample bottles was noted. The amount of water in the sample bottles was used to try to estimate the timing and volume of runoff from the median.
Quality Assurance/Quality Control
Quality assurance/quality control samples were collected from the automatic water-quality samplers and processed identically to event samples, as detailed in Corsi and others, 1995. Four blank samples were collected from each site during the monitoring period. Each blank sample was analyzed for the same constituents as the runoff samples (table 1) . The blank samples were used to evaluate the integrity of the runoff samples, to identify whether sample contamination existed, and if so, to identify possible sources of sample contamination. In addition to blank samples, several replicate analyses were performed. Results from these blank and replicate analyses can be found in appendix tables A10-A12.
The rain gages were also calibrated four times during the study by slowly dripping a known volume of water through the gages using a rain-gage calibrator, and comparing the volume recorded to the actual volume. The rain gages were then adjusted to record the correct volume.
At the end of the sample-collection period, the quality of the individual event sample collections were assessed based on event coverage, missed samples, autosampler performance, and other similar factors. After this assessment, results from samples 22, 34,41,42, and 47 were eliminated from the statistical summary calculations because the quality of the sampling may have been poor.
Results
Freeway Median Runoff
Near the end of the project an attempt was made to gather information to assess the effects of the area between the center Jersey barriers. A 1-ft-long piece of 8-in.-diameter plastic pipe was cut in half lengthwise and installed at a median inlet to act as a trough where an automatic waterquality sampler with 24 discrete sample collection bottles was also installed to collect runoff samples. A tarp was
Street Dirt
Data from the street dirt vacuuming and sieving are presented in appendix tables Al and A2. Table A3 shows particle-size data from dirt collected by the Enviro Whirl. Changes in dirt mass on the street surfaces before and after sweeping are plotted in figures 4 and 5. At the test site the mass of dirt on the street decreased by 25 percent on average (n=9). At the control site the mass of dirt on the street on the same collection dates as the test site (but no street sweeping) increased 160 percent on average (n=9).
Results from the Toxicity Characteristic Leachate Procedure (TCLP) analysis of the street dirt collected by the Enviro Whirl are in appendix table A4.
Precipitation and Runoff Data for Sampled Events
Precipitation and runoff data for sampled events are listed in tables 2 and 3.
Precipitation Data for Unsampled Events
Precipitation data for the entire study period including unsampled events are listed in appendix tables A5 and A6.
Concentrations and Particle-Size Data
Constituent concentrations and particle-size data in runoff are in appendix tables A7nA9. Summary statistics for runoff concentrations at the test and control sites for the sweeping and non-sweeping periods are presented in table 4.
Suspended Solids Versus Suspended Sediment
After viewing the data ( fig. 6 ) and consulting the report by Gray and others (2000) it was determined that analysis of this study data should use suspended sediment (S. Sed.) rather than suspended solids (TSS). These two parameters are similar in that they measure the mass of particles in water, however the laboratory analysis methods are different. It appears that the suspended solids analysis does not work well for samples with large particles, which results in concentrations that are biased low. The difference in the analysis methods may be particularly important when viewing roadway-runoff data because of the prevalence of larger-sized particles, which appear to accentuate the differences in results between the two constituents.
Sediment Replicate Results
Thirty-two replicate sediment analyses were performed during this study. The average difference between these replicates was 46 percent with a standard deviation of 50 percent (appendix table A10). Two possible explanations for this variability are: (1) that the churn splitter used to subsample the whole-water sample into separate bottles for Non-sweeping periods Is of a 1 9 9 9 -2 0 0 0 St r eet Swee 3' CQ 0. Non-sweeping periods various analyses was not mixing the sediment sufficiently, and (2) variability in the laboratory analyses. The USGS has done a series of tests on the churn splitter and found that it performs well as long as the suspended-sediment concentration and particle-size distribution in the water is within certain ranges (Horowitz and others, 1997). Specifically, the suspended-sediment concentration must be less than 1,000 mg/L and the particle sizes must be less than 250 mm. Many of the samples from this study had particle sizes that exceeded the recommended particle size for the churn splitter and a few had suspended-sediment concentrations over 1,000 mg/L. These factors probably contributed to the problem, however, there were several samples where the particle size and concentration were within the churn splitters acceptable range yet the replicate results were poor. These results seem to indicate that there may have been problems in the lab analysis as well. Complete QA/QC results are found in appendix tables A10-A12. The large variability seen in the replicates will make detecting changes in runoff concentrations due to the sweeping program very difficult to detect.
Results
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Vehicle Counts
Vehicle-count data varies between the test and control sites only because of runoff and sampling times. The vehicle count data set was the same for both sites, but the summation periods differed according to runoff and sampling periods in each basin. As expected for data derived in this manner, the numbers of vehicles traveling on the freeway during the runoff and sampling events were similar between the sites, but occasionally vehicle numbers differed greatly possibly due to construction activities. Vehicle-count data are in appendix table A13.
Freeway Median Contribution
The highway median comprised 1.8 percent of the drainage area in the test basin and 1.0 percent in the control basin. The concentration results and the amount water collected in the sample bottles are listed in appendix tables Al 4 andA15.
Summary
The data collected in this study can be used to evaluate if the improved street sweeping program improves runoff quality enough to justify the additional effort and cost. Several factors need to be considered when the data from this study is used for this purpose.
The particle-size data from the control and test sites indicate that the highway runoff has larger particles than those typically seen at other USGS sites. These larger particle sizes probably contributed to the high replicate variability observed. High replicate variability makes detecting reductions in suspended-sediment concentrations very difficult.
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Samples were collected for this study while utility construction occurred in the grassy right-of-way areas in the study area. Construction began on May 1, 1999, and runoff concentration and street dirt data collected from that date until about June 10, 1999 appeared high and were not included in the statistical summary (table 4) but are included in the appendix.
The small size and mostly impervious area of the study area made collection of acceptable runoff samples difficult due to the rapid response of the hydrograph to rainfall. This factor further reduced the number of data points available for analysis. During data compilation for this report, the adequacy of individual event samples was evaluated. This evaluation resulted in the concentration results from several events being excluded from the statistical summary (table 4) . These events are noted in table 4 and the results are listed in the appendix.
The highway medians were not treated in any way, contained several inches of dirt, and had several inlets to the storm drainage system. The suspended solids concentrations in runoff from the highway medians were quite high (tables A13 and A14) indicating that the medians could have had a disproportionately large impact on the concentrations seen at the study sites.
Because of the slow speed of the Enviro Whirl sweeper, only the shoulders and not the traffic lanes could be swept. In addition, it was necessary to use a truck and trailer to get the sweeper to the inside shoulder of the freeway safely. This operation was cumbersome, thus the inside shoulder was swept with the Enviro Whirl only every other week. On alternate weeks, the inner shoulder was swept with the mechanical sweepers used currently by Milwaukee County. The result of this is that every other week only about half of the potentially treatable street surface was swept by the Enviro Whirl.
At the end of the study there were some questions regarding the condition of the Enviro Whirl sweeper. Apparently some brushes were installed incorrectly and some of the filters were not working properly. At a meeting of the participating parties, it was decided that most likely these problems occurred after the conclusion of the study. From direct observations of the sweeper performance, it did not seem to be performing as well as expected. Dirt piles and debris were noted on surfaces immediately after the sweeper had passed over them. Whether this performance was to be expected or was poor due to the pavement condition, dirt type, dirt location, sweeper problems or some other reason(s) is undetermined.
Because of the issues of high variability in replicate samples of suspended solids, limited data, highway median contribution, limited area swept, and possible sweeper problems, showing the benefit of the sweeping program in improving water quality running off the highway may prove difficult.
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